Abstract: Double diffusive convection in a horizontal layer of nanofluid in the presence of uniform vertical magnetic field with Soret effect is investigated for more realistic boundary conditions. The flux of volume fraction of nanoparticles is taken to be zero on the isothermal boundaries. The normal mode method is used to find linear stability analysis for the fluid layer. Oscillatory convection is ruled out because of the absence of the two opposing buoyancy forces. Graphs have been plotted to find the effects of various parameters on the stationary convection and it is found that magnetic field, solutal Rayleigh number and nanofluid Lewis number stabilizes fluid layer, while Soret effect, Lewis number, modified diffusivity ratio and nanoparticle Rayleigh number destabilize the fluid layer.
INTRODUCTION
Double-diffusive convection is referred to convection induced by temperature and concentration gradients or by concentration gradients of two spices. Double diffusive convection has become important in recent years because of its applications in many fields of science, engineering and technology. Nield (1968) investigate the double-diffusive convection using linear stability analysis for various thermal and solutal boundary conditions. The onset of the double-diffusive convection by using a weak nonlinear theory was investigated by Rudraiah et al.(1982) . Later Nield et al. (1993) considered the effects of inclined temperature and solutal gradients on the double convection. Thermal convection in binary fluid driven by the Soret and Dufour effect has been investigated by Knobloch (1980) .He has shown that the equations are identical to the thermosolutal problem except relation between the thermal and solutal Rayleigh numbers. Bahloulet al. (2003) investigated the effects of Soret (thermal diffusion) in double -diffusive flow. Thermosolutal convection in the presence of Dufour and Soret effects by Motsa (2008) and found that Soret parameter stabilize while Dufour parameter destabilize the stationary convection. Dufour and Soret effects on thermosolutal convection in a viscoelastic fluid layer have been given by Chand and Rana (2012a, 2014a) , Chand et al. (2015a) and observed that Dufour and Sore parameters have significance influence on the fluid layer.
The effect of magnetic field on double-diffusive convection finds importance in geophysics, particularly in the study of Earth's core where the Earth's mantle, which consists of conducting fluid. Magnetic field plays an important role in engineering and industrial applications. These applications include design of chemical processing equipment, formation and dispersion of fog, distributions of temperature and moisture over agricultural fields and groves of fruit trees and damage of crops due to freezing and pollution of the environment etc. Chandrasekhar (1961) studied in detail the thermal convection in a hydromagnetics. Patil and Rudraiah (1973) , Alchaar et al.(1995) considered the problem of thermosolutal convection in the presence of magnetic field for different boundary conditions. Nanofluids have novel properties that make them potentially useful in wide range of engineering applications where cooling is of primary concern. Nanofluid used as heat transfer, chemical nanofluids, smart fluids, bio-nanofluids, medical nanofluids (drug delivery and functional tissue cell interaction) etc. in many industrial applications.The term nanofluid refers to a fluid containing a suspension of nanoscale particles. This type of fluid is a mixture of a regular fluid, with a very small amount of suspended metallic or metallic oxide nanoparticles or nanotubes, which was first coined by Choi (1995) . Suspensions of nanoparticles are being developed medical applications including cancer therapy. Convection in nanofluid based on Buongiorno's model [Buongiorno, (2006) Chand and Rana (2014c,2015) studied the thermal instability of nanofluid by taking normal component of the nanoparticle flux zero at boundary which is more physically realistic. Zero-flux for nanoparticles mean one could control the value of the nanoparticles fraction at the boundary in the same way as the temperature there could be controlled. In this paper an attempt has been made to study the magneto-convection in a horizontal layer of nanofluid with Soret effect for more realistic boundary conditions.
MATHEMATICAL FORMULATIONS OF THE PROBLEM
Consider an infinite horizontal layer of nanofluid of thickness bounded by surfaces = 0 and = heated and soluted from below such that a constant temperature and concentration distribution is prescribed at the boundaries of the fluid layer. Fluid layer is acted upon by gravity force (0, 0, − )and a uniform vertical magnetic field (0, 0, )as shown in Fig. 1 . The temperature and concentration are taken to be 0 and 0 at = 0 and 1 and 1 at = , ( 0 > 1 , 0 > 1 ). The reference scale for temperature and nanoparticles fraction is taken to be 1 and 0 respectively. 
Assumptions
The mathematical equations describing the physical model are based upon the following assumptions:  Thermo physical properties expect for density in the buoyancy force (Boussinesq Hypothesis)are constant;  The fluid phase and nanoparticles are in thermal equilibrium state;  Nanoparticles are spherical;  Radiation heat transfer between the sides of wall is negligible when compared with other modes of the heat transfer;  Nanoparticles do not affect the transport of the solute;  No chemical reactions take place in fluid layer.
Governing Equations
The appropriate governing equations for magneto double diffusive convection (Chandrasekhar, 1961; Chand, 2013; Nield and Kuznetsov, 2014 ) are:
(1)
where: ( , , ) is the velocity vector, 0 is the density of nanofluid at lower boundary layer, is the volume fractionof the nanoparticles, density of nanoparticles, is the hydrostatic pressure, is the velocity viscosity, is the magnetic permeability, is thecoefficientof thermal expansion, ′ an analogous solvent coefficient of expansion, is the thermal diffusivity, ′is the solute diffusivity of fluid, is the magnetic field, is the temperature, is the solute concentration, is the effective heat capacity of fluid, ( ) is the heat capacity of nanoparticles, is the effective thermal conductivity of the porous medium, is acceleration due to gravity, is the Brownian diffusion coefficient, is thethermophoretic diffusion coefficient of the nanoparticles and is the Soret coefficient. Maxwell equations are:
where is the electrical resitivity. We assume that the temperature is constant and nanoparticles flux is zero on the boundaries. Thus boundary conditions (Chandrasekhar, 1961; Nield and Kuznetsov, 2014) 
Introducing non-dimensional variables as:
Equations (1) - (8), in non-dimensional form can be written as: is the modified diffusivity ratio, = ( ) 0 is the modified particle-density increment.
The dimensionless boundary conditions are:
Basic Solutions
The basic state of the nanofluid is assumed to be time independent and is described by ′ ( , , ) = 0, ′ = ′ ( ), ′ = ( ), ′ = ( ), = ( ), = ( ).
The steady state solution is obtained as:
where 0 is reference value for nanoparticles volume fraction. The basic solution for temperature is same as the solution obtained by Chand (2013) while basic solution for the nanoparticles volume fraction is changed in comparison with Chand (2013) .
But these basic solutions are identical with solutions obtained by Nield and Kuznetsov (2014) .
Perturbation Solutions
To study the stability of the system, we superimposed infinitesimal perturbations on the basic state, which are of the forms: 
There after dropping the dashes ( '' ) for simplicity. Using the equation (18) in the equations (9) - (15), we obtain the linearized perturbation (neglecting the product of the prime quantities) equations as:
The boundary conditions are:
Now eliminating p and h from equations (20) by making use of equations (19) and (25), we get:
NORMAL MODES ANALYSIS
Analyzing the disturbances into the normal modes and assuming that the perturbed quantities are of the form:
where: , are wave numbers in and direction and is growth rate of disturbances.
Using equation (28), equations (27) , (19) , (21) - (23) become: 
For neutral stability the real part of the n is zero. Hence now we write = , (where ω is real and is dimensionless frequency of the oscillation).
METHOD OF SOLUTION
The Galerkin weighted residuals method is used to obtain an approximate solution to the system of equations (29) - (32) with the corresponding boundary conditions (33) . On choosing trial functions (satisfying boundary condition (33)) , , and as:
where:
, , and are unknown coefficients, = 1, 2, 3, . . . and the base functions , , and are assumed in the following form:
such that , , and satisfy the corresponding boundary conditions. Using expression for , , and in equations (29) -(32) and multiplying first equation by second equation by and third by and forth by , and integrating in the limits from zero to unity, we obtain a set of 4N linear homogeneous equations in 4N unknown , , and ; = 1, 2, 3, . . . . For existing of nontrivial solution, the vanishing of the determinant of coefficients produces the characteristics equation of the system in term of Rayleigh number . Thus is found in terms of the other parameters.
STATIONARY CONVECTION
Oscillatory convection is ruled out because of the absence of the two opposing buoyancy forces so we consider the case of the stationary convection.
For the first Galerkin approximation we take = 1; the appropriate trial function for boundary condition (33) is given by:
Substituting trail functions (36) in the system of equations (29) - (32) and using boundary condition (33) 
In the absence of solute gradient ( = 0, = 1), the corresponding Rayleigh number Ra for steady onset is given byR = 28 27 2 ( 4 + 24 2 + 504 + 12 )( 2 + 10) − ( + ) .This is good agreement of the result obtained by Chand (2013) .
In the absence of magnetic field ( = 0), equation (37) 
The right-hand side of equation (38) takes the minimum value when = 3.12 and its minimum value is 1750 . Hence the onset stationary convection is given by: R − (1 − ) + ( + ) = 1750. The value 1750 obtained using the Galerkin first term approximation is about 3% greater than exact value 1707.76 for the critical Rayleigh number for the classical Rayleigh-Bénard problem.
In the absence of both magnetic field ( = 0) and solute gradient ( = 0, = 1), the onset of stationary convection is given by + ( + ) = 1750 . This is good agreement of the result obtained by Nield and Kuznetsov (2014).
RESULT AND DISCUSSION
Double diffusive convection in a horizontal layer of nanofluid in the presence of vertical magnetic field with Soret effect is investigated. Equation (37) (nanofluid Lewis number), 1 < < 10 (modified diffusivity ratio), 1 ≤ ≤ 10 (nanoparticle Rayleigh number). The variation of the stationary thermal Rayleigh number as functions of the wave number for different sets of values for the different parameters are shown in Figs. 2 -8 .
The stationary convection curves in ( , ) plane for various values of Chandrasekhar number and fixed values of other parameters is shown in Fig. 2 . It is found that the Rayleigh number increases with increase in the value of Chandrasekhar number , thus magnetic field has stabilizing effect on fluid layer. Fig. 8 shows the variation of Rayleigh number with wave number for different values of modified diffusivity ratio. It is found that the Rayleigh number decreases as values of modified diffusivity ratio increases. Thus modified diffusivity ratio has destabilizing effect on the fluid layer.
CONCLUSIONS
Double-diffusive convection in a horizontal layer of nanofluid in the presence of magnetic field with Soret effect is investigated for more realistic boundary conditions. The problem is analyzed boundaries which are isothermal and the flux of volume fractions of nanoparticles is zero on the boundaries.The resulting eigenvalue problem is solved numerically using the Galerkin technique.
The main conclusions are:  The critical cell size is not a function of any thermo physical properties of nanofluid.  Instability is purely phenomenon due to buoyancy coupled with the conservation of nanoparticles. It is independent of the contributions of Brownian motion and thermophoresis.  Oscillatory convection is ruled out because of the absence of the two opposing buoyancy forces.  For stationary convection the magnetic field, nanofluid Lewis number and solutal Rayleigh number stabilizes fluid layer, while Soret effect, Lewis number modified diffusivity ratio and nanoparticle Rayleigh number destabilize the fluid layer.
Nomenclature:
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